One of the very serious problems encountered in pediatric practice is that of the treatment of pneumococcal meningitis. The significance of this statement is emphasized by an examination of the records and statistics concerning the cases of meningitis observed over a ten-year period in a hospital such The only recovery in this series was made by one patient infected with Pneumococcus Type XII. It is apparent that meningitis due to Pneumococcus Type III was more frequent than that caused by any other single pneumococcal type.
In view of the almost uniformly fatal termination of this infection, it was felt that any form of treatment which held out any possible hope of 1 Fellow in Medical Sciences of the National Research Council during part of the time this study was carried out.
success, however remote, was worthy of trial. 2 Certain observations made during a recent study on Pneumococcus Type III infection in rabbits suggested possible modes of attack upon infections with this organism in man. In this investigation (5, 6) it was found that those strains which produced a fatal disease in rabbits were distinguished by the capacity either to multiply or to remain viable at 410 C. (105.80 F.) in a medium of defibrinated rabbit's blood; while other strains, which produced merely a low-grade fluctuating bacteremia ending in recovery, in almost all instances rapidly died in vitro under the same conditions. On the basis of these facts it was suggested (6) that the normally high body temperature of the rabbit, augmented by the pyrexia induced by infection, represented an important defensive factor against those strains exhibiting a marked susceptibility to relatively slight elevations in temperature above the growth optimum of 370 C. (98.60 F.). From the results of their experiments, in some of which the temperature of rabbits likewise infected with Pneumococcus Type III was elevated by the external application of heat, Rich and McKee (7) have been led to express a similar view.
While engaged in the analysis of the immunity of rabbits to this organism, we also observed that, following vigorous and prolonged immunization with Pneumococcus Type III killed with formalin, antisera of exceptionally high titer in type-specific antibodies could be obtained in certain instances-a finding at variance with those recorded by most of horse antisera of equal or greater antibody content.
On the basis of these experimental results two patients suffering from Pneumococcus Type III meningitis were treated by raising the temperature artificially by means of radiant energy applied to the surface of the body. In two other patients, rabbit serum of high specific-antibody titer mixed together with human complement, was injected intrathecally. In still another patient, both measures were employed simultaneously. 8 The effect of these various procedures on the bacterial population and the fluctuations in content of soluble specific precipitable antigen, as well as free antibody when this was injected, were determined at intervals. The data thus secured form the matter of this report. Before presenting them it should, however, be stated that in no case did recovery occur. The results are recorded, therefore, because it is believed that they may be of general immunological significance, rather than with the thought of suggesting immediate further clinical trial of the methods.
TECHNIQUE

Temperature regulation
The apparatus employed to elevate the temperature of patients was simple in construction. It consisted of a box of wood (¾/ inch thick), 33 inches high, 22 inches wide, 51 inches long, and mounted on a suitable stand 2% feet from the floor. The long sides were equipped with apertures, about 6 inches in diameter and fitted with glass doors, which permitted manipulations of the patient without the necessity of removal from the box. Resting on the bottom of the box and supported by roller bearings was a flat stretcher-like board covered with a mattress on which the patient could be rolled in and out of the heat cabinet. The board which formed one end of the box was fixed upright to the stretcher and contained a hole large enough to permit the insertion of the patient's head. When flush with the sides of the box this movable end-piece produced a closed chamber, the temperature of which could be readily adjusted. Radiant If, however, they are allowed to rest a month or two and immunization begun again, it will be found that the animals respond with an increased antibody production which will then be maintained or improved on subsequent courses of injections.
The rabbit antisera employed here in the treatment of pneumococcal meningitis have in most cases shown an agglutinin titer of from 1: 300 to 1: 1,000 (final dilution of the serum). Because of depletion of the supply of high-titer antiserum, that of lesser potency has been administered on a few occasions, but it is our opinion that little or no effect on the organisms present in the spinal fluid is to be expected following the injection of less than 5 cc. of sera exhibiting a titer of less than 1: 100.
Complement
The experiments of Robertson and Sia (8) , as well as unpublished experiments carried out by one of us (J. F. E.) with H. K. Ward, have shown that the pneumococcidal action of serum containing antibody against the pneumococcus is lacking or extremely feeble in the absence of some nonspecific thermolabile component probably complement. Because of this fact and since it is well known from the data presented by Kolmer and his coworkers (9), Fothergill (10), and others, that normal spinal fluid contains no complement, and that even under conditions of meningeal irritation it is often impossible to demonstrate its presence, freshly drawn human serum, either from the patient or from a suitable donor, was mixed with the antiserum and the mixture injected intrathecally.
Bacterial counts
Measured volumes of spinal fluid or serial decimal dilutions thereof in broth were placed in Petri dishes to each of which was added about 0.5 cc. defibrinated horse blood and 10 cc. of melted infusion agar. The number of colonies developing was counted after incubation for 48 hours at 370 C.
Agglutinin titrations
To follow the concentration of antibody present in the spinal fluid, samples were diluted in saline, equal quantities of spinal fluid dilution and antigen were mixed, incubated for 1 hour at 370 C. and then overnight in the ice box, after which the mixtures were examined for the presence or absence of agglutination. The antigen consisted of the same formalinized saline suspension of capsulated Pneumococcus Type III organisms as used for immunization, but diluted 1: 2 with saline.
Precipitinogen titrations
Fluctuations in the amount of soluble type-specific antigen in the spinal fluid were recorded by determining the highest dilution of the clear supernatant from centrifuged spinal fluid which yielded an interface ring of precipitate when layered over homologous antiserum in tubes of 2 mm. bore. Readings were taken after two hours at room temperature (usually about 200 C.). The same batch of antiserum was used for titrating all the samples of spinal fluid from a given case.
SUMMARY OF CASES AND EXPERIMENTAL FINDINGS
Patients treated by the application of heat alone Case 1 (McK.). A six-year old white boy came to the hospital complaining of otitis media in the right ear, of one week's duration. As he did not present any symptoms of acute illness he was directed to return after four days' rest at home. On readmission (September 15, 1936), the child was delirious and presented signs of meningitis. Lumbar puncture was performed immediately, and the heavily capsulated gram positive cocci seen on smears of the spinal fluid were identified as Pneumococcus Type III by Neufeld and Sabin methods of typing. Intravenous saline clysis was thereupon instituted and the patient placed in the heat cabinet. The subsequent course of the infection, insofar as the immunological details are concerned, is summarized in Figure 1 .
It will be seen that the application of radiant energy resulted in a rapid elevation of the patient's temperature from 103.60 F. (on admission) to 1050 F. or over, and this was maintained for approximately 19 hours, reaching 1070 F. for some little time. Simultaneously, the number of organisms per cubic centimeter of spinal fluid fell from 225,000,000 to 7,400 and then to 200. The child at this time was removed from the heat cabinet and two hours later a mastoidectomy was performed, during which interval the temperature fell to 1030 F. Pus cultured from material removed at operation was sterile. After the operation the patient's temperature was again elevated artificially to above 1050 F., remaining at 1060 F. or over for seven hours. Spinal fluid culture at the end of this time showed approximately the same small number of pneumococci as on the previous culture (180 per cc.). On temporarily discontinuing the treatment, the temperature fell and the next culture yielded 9,000 organisms per cc. A subsequent 5h hour period of heat treatment resulted in a temperature response which was less marked, and the number of bacteria increased (375,000 per cc.). Heat treatment was then terminated, and the patient's temperature fell to below 1020 F. The invaders then multiplied rapidly to reach in the last spinal fluid culture a figure (67,000,000 per cc.) approaching that of the first culture. Death followed shortly thereafter.
The amount of free soluble precipitinogen present in the spinal fluid at various times was determined by titration against Antipneumococcus Type III horse serum. The fluctuations in the quantity of this substance showed a lag in reflecting the status of the bacterial population. Thus, considerable free soluble antigen was still found at a time when the minimum in the number of bacteria had been attained; also, the minimum in soluble antigen was reached when the number of organisms had already begun to rise after remaining at a low level for some time. Even when the number of living bacteria had risen from 9,000 to 375,000 per cc., the precipitinogen titer did
Upper Graph-Log,0 of number of viable Type III pneumococci per cc. of spinal fluid. Middle Graph-Highest dilution of spinal fluid yielding definite ring in precipitinogen test against Antipneumococcus Type III horse serum. Lower Graph-Patient's temperature in 'F. The dotted line at 1050 F. is included to emphasize the periods during which the temperature attained or surpassed this level which was regarded as the minimum to produce an effect upon the organisms.
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Hours. The heavy black horizontal bars indicate the periods during which radiant heat was applied to the patient's body. M = Mastoidectomy. not increase; only in the final sample of fluid containing enormous numbers of cocci was the quantity of soluble antigen again elevated.
These findings are of interest since they give some indication of the rate at which the soluble specific substance, distinguished as it is by a rather large molecule, is removed from the subarachnoid spaces. It is evident that within 36 hours about 97 per cent of the quantity present in the first sample of cerebrospinal fluid has disappeared; by 44 hours only 0.8 per cent remains.
The susceptibility to heat of the strain infecting this patient was determined in vitro by plating samples taken at intervals from cultures in defibrinated rabbit's blood, kept at 370 and 410 C., respectively. It was found that this strain fell into the intermediate group which has been described previously (6) . The number of viable cocci at 410 C. never approached that of the culture at 37°C., but the total numbers at 41°C. exhibited a very slight increase at the end of 24 hours. In the patient, however, the elevation of temperature to at least 1050 F., the level which we have considered desirable, appeared to (C 1936) , after x-ray plates had been taken and mastoidectomy was performed, but the inf peared to be on the wane and culture from-t operation gave no growth. For three days condition improved; although the temperatur mained at 1030 F. for a day following the o°t hen returned to normal. On the evening of day, however, the signs of irritability and stiffi neck became more pronounced. A culture of fluid on the following day, was found to cor III pneumococci. On October 30, the adminif fluid by constant intravenous drip was institut boy placed in the heat cabinet. Data secured on samples of the cerebrospinal fluid and the the temperature are summarized in Figure 2 .
The number of pneumococci per cc. of spinal fluid, shortly before fever therapy was begun, was 750,000. With the aid of the heat cabinet, the temperature was elevated to approximately 1060 F. and maintained at this level over a period of nine hours, except for a short interval. The number of bacteria fell to 12,000 per cc. A second period of treatment for 6/ hours maintained the temperature at 1050 F. or over, and the bacterial population further diminished to 5,000 per cc. After this last lumbar puncture, 7.5 cc. of Antipneumococcus Type III rabbit serum (agglutinin titer 1: 400) together with 14 cc. of fresh human serum (containing complement) from a donor who had recovered from Pneumococcus Type III pneumonia two years previously, were introduced into the spinal canal. With this was combined a further session of fever treatment. The temperature rose rapidly to reach 108.20 F., then fell to 1060 F., but the child died 10 hours after the last lumbar puncture. Since death followed so soon, no further data _ -were obtained. We have therefore included this case among those treated with heat alone since the effect of antiserum was not determined. The results of combined antiserum and hyperpyrexia treatment are shown on Figure 5 . Following the application of these measures, sterility of the spinal fluid and disappearance of soluble precipitinogen rapidly resulted and this condition was maintained for over 36 hours. During this period agglutinins were demonstrable in the fluid, cerebrospinal fluid sugar returned to normal (this was the first case in which this had been observed), and there was a slight decrease in the number of cells in the cerebrospinal fluid. In the following 22-hour interval, when antiserum was not given, agglutinins and sugar disappeared from the cerebrospinal fluid, while pneumococci reappeared. Simultaneously, the clinical condition of the patient became worse and never improved afterwards.
The two batches of antiserum previously injected had shown agglutinin titers of 1: 600 and 1: 1,000 respectively. Another 3 cc. dose of antiserum (titer 1: 1,000) plus 8 cc. human complement again reduced the number of organisms to one per cc., even though the patient's temperature fell far below 1050 F. Four cc. of antiserum (titer 1: 400) plus 4 cc. complement were injected on the following lumbar puncture while fever therapy was resumed; however, the next sample of spinal fluid withdrawn showed not only agglutinins but 1,500 pneumococci per cc. as well. These organisms on smear exhibited peculiarly stained swollen capsules, as though a brokendown lesion somewhere had discharged them shortly before into the spinal fluid, where under the influence of the antiserum they underwent " Quellung." Furthermore, many of them were to be seen within phagocytes -up to 9 in a single cell. Two successive subsequent administrations of antiserum (titer 1: 400) plus complement, together with fever treatment to maintain temperature above 105°F., again resulted in spinal fluid which was sterile and free from soluble antigen, over a 15-hour period. Owing to the temporary exhaustion of the supply of sera of high titer, a batch of serum of less value (titer 1: 160) was employed for the next two treatments. A few pneumococci were found-3 and 9 per cc. respectively-in the fluid of the two following lumbar punctures. With the temporary discontinuance of antiserum treatment and fever therapy (except for 3% hours at a temperature above 105°F.), the bacterial count rose to 3,200 per cc. and then to 42,000 per cc., and remained at this level although the temperature fluctuated between 104 and 1060 F. for much of the time, without the application of external heat. The patient had become completely comatose, with marked edema of the face and extremities, and riles in both lungs. Uncombined antibodies were no longer to be detected and soluble antigen which had not been demonstrable since the first injection of antiserum reappeared in considerable and increasing amount. Twenty-four hours after the last injection of antiserum recorded on the figure, the patient's temperature began to rise rapidly, reached 1060 F. and within six hours the patient was dead.
The autopsy findings were:-.tracheobronchitis, bronchopneumonia and transudative phenomena indicative of right heart failure, as well as otitis media, dural sinus thrombosis, and cerebrospinal meningitis. A probably important factor in the causation of death was internal hydrocephalus, apparently due to obstruction of the foramina of Luschka and Magendie occasioned by the presence of thick yellow exudate (containing Pneumococcus Type III) which was found covering the base of the brain and also in smaller amounts over the convex surface along the sulci.
In uitro test of the thermal properties of the strain of pneumococcus isolated from this patient showed it to be somewhat susceptible to a temperature of 410 C., as the numbers of viable cocci per cubic centimeter of defibrinated rabbit's blood kept at this temperature, diminished with passage of time, although complete sterility was not obtained even after 25 hours' incubation.
DISCUSSION
During recent years there has taken place a renaissance of interest in the immunological r6le of fever and its possible application as a factor of importance in the therapy of certain infections (e.g., conditions caused by Treponema pallidum (11 to 16), gonococcus (17 to 23), tubercle bacillus (24, 25) , meningococcus (26, 27, 28) ; virus diseases of plants (29, 30) ; also, bactericidal substances occurring in the serum during fever (31, 32, 33) ). Insofar as we are aware, however, no direct attempts have previously been made to apply to human cases the experimental results which suggest the favorable effect of high body temperatures upon Pneumococcus Type III infections in animals (5, 6, 7) . In the foregoing sections, the procedure of artificially raising the body temperature above that usually obtaining during Type III pneumococcus meningitis has been shown to result in a striking diminution in the number of organisms inhabiting the spinal fluid. Although by in vitro test in defibrinated rabbits' blood the particular strains infecting certain of these patients were found to be moderately resistant to the temperatures which they encountered in the human body during the periods of hyperpyrexia, previous work has shown that other strains die out rapidly at this same temperature (40.5 to 410 C.). More satisfactory results might well attend fever treatment in the case of patients infected with such markedly thermo-susceptible organisms. The data which have been secured, nevertheless, indicate clearly that raising the body temperature above 1050 F. and maintaining it at that level for a number of hours checks the multiplication even of organisms somewhat resistant to heat and leads to destruction of the major portion, possibly by rendering them susceptible to phagocytosis. Although the fever treatment to which these patients were subjected has not been sufficient to clear the spinal fluid entirely of invading bacteria, the results in humans may be considered in general to confirm and extend those derived from the experiments in vitro and in rabbits which have been reported previously (5, 6, 7).
Until lately the only sera which were considered to be at all effective in the therapy of pneumococcus infection were those directed against Types I and II. Due in large measure to the classification of pneumococci belonging to Group IV into a number of distinct types, evidence has been presented that antisera against certain of these, Types V, VII and VIII for example, are also of value (34 to 37). But at the present time the consensus is that Antipneumococcus Type III sera exert little or no influence upon disease caused by the homologous organism (38, 39) . The disappointing results of various clinical trials are perhaps to be expected in view of the failure of most workers to produce sera containing adequate quantities of antibody. Such early investigators as Hanes (40) , Cole (41) and Adler (42) failed to find in Antipneumococcus Type III sera which they prepared, any protective power, or in most cases antibody demonstrable by in vitro tests. Wadsworth and Kirkbride (43) produced antisera in horses which would not agglutinate the capsulated organisms in dilutions higher than 1: 40, but which they felt possessed slight protective power for mice. We have since received samples of horse antisera from the New York City and New York State Departments of Health which contained relatively large amounts of precipitins and agglutinins and were able to bring about the sterilization of the blood stream in rabbits with Pneumococcus Type III bacteremia. Yoshioka (44) (46) reported that they were able to protect rabbits against fatal doses of Pneumococcus Type III by means of a concentrated horse antiserum, and Platt (47) in certain studies on the complement fixation reaction employed an Antipneumococcus Type III rabbit serum exhibiting an agglutinin titer of 1: 400.
In a previous communication we have described the production in rabbits of high-titer type-specific agglutinating serum following prolonged immunization with formalinized Type III pneumococci and have demonstrated considerable mouse protective effect in certain of these sera (48) . Experiments by Dr. I. Ardelean, using the bactericidal technique employed in this laboratory (49) , have also shown that in vitro these sera possess marked opsonizing properties versus young, fully encapsulated organisms. Unpublished experiments carried out several years ago by one of us (J. F. E.) had indicated that, in mice, 16 hours after establishment of an infection the therapeutic effect of Antipneumococcus Type I rabbit sera was superior to that of Antipneumococcus Type I horse sera which by various tests (agglutination, precipitation, effect in the bactericidal system, and mouse protective power) were of the very large numbers of cocci which may be present in the cerebrospinal fluid. In addition, the serum neutralizes considerable amounts of the specific soluble substance. We are convinced that such antisera are efficient antibacterial agents against those organisms to which they have access in the company of active phagocytes. One of the obstacles to complete success in this regard is the existence of localized or walled-off areas of inflammatory exudate which appear frequently to present an impassable barrier. Connected with this are the deleterious effects of impaired circulation of the cerebrospinal fluid and various pathological conditions of serious consequence secondary to the presence of these lesions. In all likelihood these circumstances, so unfortunate from the standpoint of the recovery of the patient, are often due in large measure to the relatively chronic or prolonged course of the infection before hospitalization. In our opinion, success of antiserum therapy in this disease will be determined largely on the inauguration of treatment previous to the localization of infection.
SUMMARY
1. The effect of elevating the body temperature to 1050 F. or higher for periods of several hours on the bacterial infection of the spinal fluid, has been determined in two patients with Type III pneumococcus meningitis. Under these conditions there occurred a marked reduction in the number of viable pneumococci and the quantity of free soluble type-specific antigen present. In neither case was sterility of the fluid attained. 2. In two patients the effect of treatment by the intrathecal injection of potent Antipneumococcus Type III rabbit serum was analyzed. Temporary sterility of the spinal fluid followed rapidly in each case, concommitantly with the disappearance of soluble antigen. Eventually, however, the pneumococci reappeared. The causes of failure to obtain the permanent sterilization of the subarachnoid space are discussed.
3. The combined treatment, consisting of artificial fever through the application of radiant heat and injection of rabbit antiserum, appeared to produce the best result as estimated by the conditions obtaining in the cerebrospinal fluid, although here again recovery of the single patient so treated did not ensue. 4 . The capacity of Antipneumococcus Type III rabbit serum of high antibody titer to mediate the destruction in the cerebrospinal fluid of man of the homologous organisms which are accessible to its sensitizing action seems clearly demonstrated.
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